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(57) The rendering performance of a graphic proc-
essor is improved by effectively using a data bus. An
externally-input graphics command is stored in a work
memory via the data bus. A display data generation sec-
tion receives a graphics command stored in the work
memory via the data bus, decodes the received graph-
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ics command, and outputs the display data to the data
bus. An image display section receives display data
stored in the work memory via the data bus, and displays
an image on a display device. A bus control section
monitors the status of use of the data bus, and controls
the right to use the data bus according to the priority of
each data transfer operation.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a graphic
processor for rendering computer graphics elements.
[0002] In recent years, the computer graphics (CG)
technology has seen a remarkable progress. Typical ap-
plications of computer graphics include CAD, CAE, vid-
eo games, etc. Recently, computer graphics has also
been used for displaying map information such as in car
navigation systems.

[0003] Computer graphics requires a graphics com-
mand for performing a graphic operation and coordinate
data of an element to be rendered. A texture mapping
technique of applying a texture on an element requires
texture data representing the texture to be applied on
the object. In recent years, along with the increase in
the amount of data which can be processed, there is a
demand for a finer graphic operation, whereby the
amount of rendering data required has been ever in-
creasing. While computer graphics also requires a
frame buffer for storing image data of a display screen,
the size of the display screen has also been increasing.
As a result, a contemporary graphic processor requires
a work memory with a huge storage capacity.

[0004] Conventionally, a data memory to be the work
area for processing the rendering data and a frame
memory to be the rendering area for storing display data
are configured separately. Recently, a unified memory
architecture (UMA) has been proposed in the art, where
the work area and the rendering area are configured in
a single memory. In the unified memory architecture, the
relationship between the graphic processor and the
memory is uniquely determined, thereby simplifying the
system configuration and significantly reducing the cost.
[0005] FIG. 10is a block diagram illustrating a config-
uration of a conventional graphic processor. Referring
to FIG. 10, a graphic processor 200 receives, via an ex-
ternal bus 201, a graphics command which is generated
between a CPU 202 and a memory 203. The received
graphics command is supplied from a CPU interface 211
to a FIFO memory 215 via a first data bus 213. The
graphics command received by the FIFO memory 215
is decoded by graphics command decoding means 216,
and rendering means 218 performs the graphic opera-
tion according to the decoding result. Display data ob-
tained by the graphic operation is supplied from a mem-
ory interface 212 to a work memory 204 via a second
data bus 214. The display data stored in the work mem-
ory 204 is supplied to display means 219 via the second
data bus 214 and displayed on a display device 205.
[0006] Thus, while an externally-input graphics com-
mand is supplied to the FIFO memory 215 via the first
data bus 213, the other data is transferred between the
CPU interface 211 and the memory interface 212 via the
second data bus 214.
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- Problems to be Solved -

[0007] Possible approaches to increase the data
transfer rate for the purpose of improving the rendering
performance include, for example, to improve the oper-
ating speed (clock rate) or to increase the bus width of
adata bus. However, an increase in the operating speed
creates other problems such as anincrease in the power
consumption. Therefore, in many cases, the data bus
width is increased. However, since the conventional
graphic processor as described above requires at least
two data buses, the increase in the bus width may lead
to a significant increase in cost in a case where the
graphic processor is implemented in an LSI.

[0008] Another possible approach is to share a data
bus. In such a case, however, a plurality of types of data
flow along the single data bus, whereby data transfer
operations may contend with one another, leading to
other problems, e.g., it may be difficult to ensure a de-
sirable graphics command supply rate, or the displayed
image may be intermitted. A possible solution to such
problems is, for example, to substantially increase the
storage capacity of an internal memory. However, such
a solution also leads to a significant increase in cost.
[0009] A graphics command is typically variable-
length data, not fixed-length data. This is because
coastlines, residential blocks, etc., used in map render-
ing as in car navigation systems, for example, require
element data consisting of a series of many coordinate
points which cannot be represented by simple triangles
and/or rectangles.

[0010] Forexample, aroad, orthe like, is represented
by a series of straight lines as illustrated in FIG. 11A,
and a graphics command for rendering such a series of
straight lines contains a plurality of coordinate points
constituting the series of straight lines as illustrated in
FIG. 11B. A residential block, or the like, is represented
by a polygon as illustrated in FIG. 12A, and a graphics
command for rendering such a polygon contains a plu-
rality of coordinate points constituting the boundary line
thereof as illustrated in FIG. 12B.

[0011] Where the inside of the element as illustrated
in FIG. 12A isfilled, in order to quickly complete a graph-
ic operation, the filling operation cannot be performed
until the boundary line has been drawn. Accordingly, it
is indispensable to quickly complete drawing the bound-
ary line. Therefore, for animation display with scrolling
at a time interval of, for example, 1/30 sec or 1/60 sec,
it is necessary to supply sufficient coordinate data re-
quired for the graphic operation. The operation of filling
the inside of an element can be performed according to,
for example, the algorism disclosed in "Jissen Computer
Graphics", Nikkan Kogyo, pp. 100-102.

[0012] Inorder toreliably supply a graphics command
containing such variable-length data with the above-de-
scribed conventional example, it is necessary for the
CPU to control the FIFO memory storing the graphics
command of the graphic processor at a predetermined
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time interval. In such a case, however, a substantial load
is imposed on the CPU, and the load is particularly sig-
nificant when processing a graphics command with a
great data length. However, since the CPU performs OS
operations for the graphic processing system as a
whole, such aload on the CPU may deteriorate the over-
all performance or response speed of the system. While
improving the performance of the CPU is of course a
possible solution, it will increase the system cost. A pos-
sible approach to reduce the load on the CPU is to in-
crease the storage capacity of the FIFO, but this also
lead to an increase in cost.

SUMMARY OF THE INVENTION

[0013] An object of the presentinvention is to improve
the rendering performance of a graphic processor by ef-
fectively using a data bus.

[0014] Specifically, the present invention provides a
graphic processor, including: a first interface for receiv-
ing an externally-input graphics command; a second in-
terface for performing a data transfer operation between
the graphic processor and a work memory; a data bus
for transferring data between the first interface and the
second interface; a display data generation section for
receiving a graphics command from the data bus, gen-
erating display data by decoding the graphics com-
mand, and outputting the generated display data to the
data bus; an image display section for receiving the dis-
play data from the data bus and displaying an image on
a display device; and a bus control section for monitor-
ing a status of use of the data bus and controlling a right
to use the data bus, wherein the bus control section sets
a priority for each data transfer operation along the data
bus and controls the right to use the data bus according
to the set priorities.

[0015] According to the present invention, the right to
use the data bus is controlled by the bus control section
according to the priorities of data transfer operations.
Therefore, even in a case of a data bus which is con-
nected to a system such as a unified memory and han-
dles a plurality of types of data in a unified manner, it is
possible to effectively use the data bus without wasting
a vacant status thereof. Thus, it is possible to efficiently
supply graphics commands, thereby improving the
overall efficiency of the graphic processing system.
[0016] Itis preferred that the bus control section in the
graphic processor of the present invention sets a priority
for each of at least the following data transfer opera-
tions: a data transfer operation of transferring an exter-
nally-input graphics command to the work memory; a
data transfer operation of supplying a graphics com-
mand from the work memory to the display data gener-
ation section; and a data transfer operation of supplying
display data from the work memory to the image display
section.

[0017] Itis preferred that the bus control section in the
graphic processor of the present invention is configured
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so that a setting of the priorities of data transfer opera-
tions can be changed dynamically.

[0018] Itis preferred that the graphic processor further
includes: a pre-decoding section for pre-decoding a
graphics command transferred during a data transfer
operation of transferring an externally-input graphics
command to the work memory; and a processing
amount estimating section for estimating a data
processing amount at the display data generation sec-
tion based on a result of the pre-decoding by the pre-
decoding section, wherein the bus control section
changes the priorities of the data transfer operations ac-
cording to the data processing amount estimated by the
processing amount estimating section. Moreover, it is
preferred that when the estimated data processing
amount per a predetermined period of time exceeds a
predetermined amount, the bus control section sets the
priority of a data transfer operation of supplying a graph-
ics command from the work memory to the display data
generation section to be higher than the priority of a data
transfer operation of transferring an externally-input
graphics command to the work memory.

[0019] Alternatively, it is preferred that the graphic
processor further includes a memory monitor for moni-
toring an amount of data of graphics commands stored
in the work memory, wherein the bus control section
changes the priorities of the data transfer operations ac-
cording to the data amount monitored by the memory
monitor. Moreover, it is preferred that when the moni-
tored data amount is smaller than a predetermined
amount, the bus control section sets the priority of a data
transfer operation of transferring an externally-input
graphics command to the work memory to be higher
than the priority of a data transfer operation of supplying
a graphics command from the work memory to the dis-
play data generation section.

[0020] Alternatively, it is preferred that: the first inter-
face is connected to an external bus which is provided
external to the graphic processor; an external bus mon-
itor for monitoring an amount of data being transferred
along the external bus is connected to the external bus;
and the bus control section changes the priorities of the
data transfer operations along the data bus according
to the amount of data being transferred which is moni-
tored by the external bus monitor.

[0021] Moreover, it is preferred that: the display data
generation section in the graphic processor of the
present invention includes a graphics command storing
section for temporarily storing a graphics command
which is input through the data bus, and a decoding sec-
tion for decoding a graphics command which is output
from the graphics command storing section; the graph-
ics command storing section includes first data storing
means and second data storing means, writes graphics
commands into selected one of the first and second data
storing means in a predetermined address order, and
reads out graphics commands from selected one of the
first and second data storing means in a predetermined
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address order; and when a reading address in one of
the first and second data storing means from which
graphics commands are being read out matches a pre-
determined check address, the graphics command stor-
ing section starts writing new graphics commands into
the one of the first and second data storing means.
[0022] The present invention also provides a graphic
processing system, including: the graphic processor ac-
cording to the present invention; an external bus con-
nected to the first interface of the graphic processor; a
CPU and a memory which are connected to the external
bus; a work memory connected to the second interface
of the graphic processor; and a display device connect-
ed to the image display section of the graphic processor.
[0023] The present invention also provides a graphic
processor, including: a first interface for receiving an ex-
ternally-input graphics command; a second interface for
performing a data transfer operation between the graph-
ic processor and a work memory; a data bus for con-
necting the first interface with the second interface; a
display data generation section for receiving a graphics
command from the data bus, generating display data by
decoding the graphics command, and outputting the
generated display data to the data bus; and an image
display section for receiving the display data from the
data bus and displaying an image on a display device,
wherein: the display data generation section includes a
graphics command storing section for temporarily stor-
ing a graphics command which is input through the data
bus, and a decoding section for decoding a graphics
command which is output from the graphics command
storing section; the graphics command storing section
includes first data storing means and second data stor-
ing means, writes graphics commands into selected one
of the first and second data storing means in a prede-
termined address order, and reads out graphics com-
mands from selected one of the first and second data
storing means in a predetermined address order; and
when a reading address in one of the first and second
data storing means from which graphics commands are
being read out matches a predetermined check ad-
dress, the graphics command storing section starts writ-
ing new graphics commands into the one of the first and
second data storing means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Fig. 1is a block diagram illustrating a configu-
ration of a graphic processor according to the first em-
bodiment of the present invention.

[0025] FIG. 2 is a diagram illustrating an operation of
the graphic processor of FIG. 1.

[0026] FIG. 3 is a diagram illustrating an internal con-
figuration of graphics priority determination meansinthe
configuration of FIG. 1.

[0027] FIG. 4 is an exemplary setting of priorities of
data transfer operations.

[0028] FIG. 5is a diagram illustrating a configuration
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for address management of data storing means in the
configuration of FIG. 1.

[0029] FIG. 6 is a diagram illustrating the address
management of the data storing means in the configu-
ration of FIG. 1.

[0030] FIG. 7 is a diagram illustrating the address
management of the data storing means in the configu-
ration of FIG. 1.

[0031] FIG. 8 is a block diagram illustrating a config-
uration of a graphic processor according to the second
embodiment of the present invention.

[0032] FIG. 9 is a block diagram illustrating a config-
uration of a graphic processor according to the third em-
bodiment of the present invention.

[0033] FIG. 10is a block diagram illustrating a config-
uration of a conventional graphic processor.

[0034] FIG.11Ais an exemplary rendering of a series
of straight lines.
[0035] FIG. 11B is an exemplary graphics command

for a series of straight lines.

[0036] FIG. 12A is an exemplary rendering of an ar-
bitrary-vertex polygon.

[0037] FIG. 12B is an exemplary graphics command
for a polygon.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings.

FIRST EMBODIMENT

[0039] FIG. 1 is a block diagram illustrating a config-
uration of a graphic processor according to the first em-
bodiment of the present invention. Referring to FIG. 1,
a graphic processor 100 includes: a CPU interface 11
as a first interface for performing an interface control
with a CPU 102 and receiving a graphics command from
the CPU 102; a memory interface 12 as a second inter-
face for performing an interface control with a work
memory 104; a data bus 13 for transferring data be-
tween the CPU interface 11 and the memory interface
12; bus monitoring and controlling means 41 for moni-
toring the status of a data transfer operation along the
data bus 13; graphics priority determination means 42
for managing the priorities of data transfer operations
along the data bus 13; a graphics command storing sec-
tion 22 for temporarily storing a graphics command; ren-
dering data transfer means 21 for controlling the transfer
of data from the data bus 13 to the graphics command
storing section 22; address management means 27 for
managing the addresses of the graphics command stor-
ing section 22; graphics command decoding means 25
for decoding graphics commands stored in the graphics
command storing section 22; rendering control means
28 for controlling a graphic operation according to an
output from the graphics command decoding means 25;



7 EP 1 136 950 A2 8

rendering means 26 for processing the rendering data
received via the graphics command decoding means 25
according to the rendering control means 28; and an im-
age display section 30 for converting the rendered data
into data to be displayed as an image and controlling
the display.

[0040] A display data generation section 20 includes
the rendering data transfer means 21, the graphics com-
mand storing section 22, the graphics command decod-
ing means 25, the rendering means 26, the address
management means 27 and the rendering control
means 28. The display data generation section 20 re-
ceives a graphics command from the data bus 13, gen-
erates display data by decoding the received graphics
command, and outputs the generated display data to the
data bus 13. A bus control section 40 includes the bus
monitoring and controlling means 41 and the graphics
priority determination means 42. The bus control section
40 monitors the status of use of the data bus 13 and
controls the right to use the data bus 13.

[0041] The graphics command storing section 22 in-
cludes first data storing means 22a and second data
storing means 22b. A control line 50 is used to control
a data transfer operation along the data bus 13, etc.
[0042] The CPU 102 for supplying graphics com-
mands to the graphic processor 100, a memory 103
used by the CPU 102 for arithmetic and control opera-
tions, an external bus 101 used by the CPU 102 and the
memory 103, a display device 105 for displaying image
display data which is output from the graphic processor
100, and the work memory 104, are provided in addition
to the graphic processor 100, together forming a graphic
processing system. The work memory 104 is used as a
work area for graphic operations and as a rendering ar-
ea for storing display data, and has the so-called unified
memory architecture (UMA).

[0043] FIG. 2 is a diagram illustrating an operation of
the graphic processor 100 of FIG. 1. Referring to FIG.
2, first, rendering data ( D) recorded on a recording me-
dium 106 such as aDVD, a CD, or the like, is transferred
to the memory 103 via the external bus 101 (2). The
CPU 102 creates a graphics command executable by
the graphic processor 100 from the rendering data
stored in the memory 103. The created graphics com-
mand is transferred to the work memory 104 via the CPU
interface 11, the data bus 13 and the memory interface
12 (@). In this case, the graphics command may be
transferred by the CPU 102, or may be transferred in
such a manner that there is no direct intervention of the
CPU 102, e.g., a DMA transfer operation.

[0044] Upon recognizing via the rendering control
means 28 that the graphics command has been stored
in the work memory 104 ( ®), the display data genera-
tion section 20 starts a series of graphic operations.
Specifically, the rendering data transfer means 21 trans-
fers a graphics command from the work memory 104 to
the graphics command storing section 22 ( ®). Then,
the graphics command stored in the graphics command
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storing section 22 is decoded by the graphics command
decoding means 25, and the graphic operation is per-
formed by the rendering means 26 (@) . The data which
has been processed in the graphic operation by the ren-
dering means 26 is transferred to the work memory 104
as display data (®).

[0045] The display data stored in the work memory
104 is transferred to the image display section 30 and
displayed on the display device 105 at a time interval of,
for example, 1/30 sec or 1/60 sec (). Thereafter, the
series of operations is repeated.

[0046] In the present embodiment, the bus control
section 40 sets a priority of each type of data transfer
operation along the data bus 13, and controls the right
to use the data bus 13 according to the set priorities. For
example, a priority is set for each of a data transfer op-
eration of transferring an externally-input graphics com-
mand to the work memory 104 (@), a data transfer op-
eration of supplying a graphics command from the work
memory 104 to the display data generation section 20
(®), and a data transfer operation of supplying display
data from the work memory 104 to the image display
section 30 ((©).

[0047] FIG. 3 is a diagram illustrating an exemplary
internal configuration of the graphics priority determina-
tion means 42 of FIG. 1. In the example of FIG. 3, the
graphics priority determination means 42 includes a pri-
ority setting register 42a and priority comparison means
42b. The priority of each type of data transfer operation
along data bus 13 is set in the priority setting register
42a. The priority comparison means 42b recognizes via
the control line 50 any device requesting a data transfer
operation after the current data transfer operation, de-
termines the next data transfer operation to be per-
formed by referencing the contents of the priority setting
register 42a, and instructs the bus monitoring and con-
trolling means 41. The bus monitoring and controlling
means 41 grants the right to use the data bus 13 to the
device for the next data transfer operation to be per-
formed.

[0048] FIG. 4 is a diagram illustrating an exemplary
priority setting. In the example of FIG. 4, a smaller pri-
ority value indicates a higher priority. In this example, a
display data supply operation is given the highest prior-
ity. This is because if the display data is not supplied at
a time interval of, for example, 1/30 sec or 1/60 sec, a
normal graphic operation cannot be performed on the
display device 105, whereby noise is carried by the dis-
played element.

[0049] Note that the priority setting register 42a is
configured so that the setting stored therein can be ex-
ternally changed via the control line 50. For example, in
the example of FIG. 4, while the rendering data writein
operation, i.e., the operation of writing the rendering da-
ta generated from the rendering means 26, is given the
lowest priority, this setting can be changed from the CPU
102 via the CPU interface 11, for example. In other
words, the bus control section 40 is configured so that
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the setting of the priorities of data transfer operations
can be changed dynamically.

[0050] Note that where the data transfer priorities are
fixed, the graphics priority determination means 42 may
be implemented with hard logics instead of using regis-
ters.

[0051] Moreover, in this example, the graphics priority
determination means 42 starts the next data transfer op-
eration after the current data transfer operation is com-
pleted. However, if, during a data transfer operation, a
request for another data transfer operation of a higher
priority, such as the display data supply operation, the
rendering data writein operation, occurs, the current da-
ta transfer operation may be once stopped to first per-
form the later-requested data transfer operation, after
which the first data transfer operation can be resumed.
[0052] Note that where another external device is
connected to the data bus 13, it is preferred to set a pri-
ority of a data transfer operation to be requested by the
device. Such data transfer operations include transfer-
ring image data taken by a video camera, transferring
broadcast data such as TV broadcast data (streaming
(MPEGA4)), transferring image data which has been gen-
erated by another image generation device and trans-
mitted therefrom, etc.

[0053] In case of input of such an external moving im-
age, it is preferable to give a higher priority to moving
image data than to graphics data.

[0054] Further, the priority of the display operations
may be determined according to a location relationship
in a multi-window display or the size of an image to be
displayed. For example, in the multi-window display, the
priority of display data of an image to be displayed fur-
ther anteriorly is set higher, or the priority of display data
of larger size is set higher. In case of display data of
same size, the priority of the moving image data is set
higher than that of the graphics data.

[0055] FIG. 5 is a diagram illustrating, in greater de-
tail, a part of the configuration of the display data gen-
eration section 20 of FIG. 1. Referring to FIG. 5, the ad-
dress management means 27 includes: a first check ad-
dress storing register 27a; a second check address stor-
ing register 27b; an area setting register 27c for deter-
mining which one of the first and second check address
storing registers 27a and 27b is to be used; a selector
27d for selecting the value of one of the first and second
check address storing registers 27a and 27b according
to the value of the area setting register 27c¢; and com-
parison means 27e for comparing the output from the
selector 27d with the address value which is output by
the rendering control means 28 for accessing the graph-
ics command storing section 22.

[0056] The rendering data transfer means 21 includes
data transfer control means 21a for controlling data
transfer of a graphics command, and data transfer area
setting means 21b for storing parameters which are
necessary for the control by the data transfer control
means 21a.
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[0057] The rendering control means 28 outputs an ad-
dress to the graphics command storing section 22 and
reads out a graphics command from one of the first and
second check address storing registers 27a and 27b for
a graphic operation. The comparison means 27e com-
pares the address output from the rendering control
means 28 with the output from the selector 27d. Upon
receipt of the output from the comparison means 27e,
the rendering control means 28 outputs data transfer pa-
rameters to the data transfer area setting means 21b in
the rendering data transfer means 21. The parameters
include the access address of the graphics command
storing section 22 and the amount of data to be trans-
ferred which have been determined based on the de-
coding result output from the graphics command decod-
ing means 25. The data transfer control means 21a per-
forms the data transfer operation between the display
data generation section 20 and the work memory 104
via the memory interface 12 and the data bus 13 accord-
ing to the parameters received by the data transfer area
setting means 21b.

[0058] FIG. 6is adiagram illustrating a graphics com-
mand supply sequence. In FIG. 6, reference numerals
22a and 22b denote address maps of the first and sec-
ond data storing means 22a and 22b, respectively. A
first check address CHA1 is an address value which
serves as a trigger for supplying new graphics com-
mands to the first data storing means 22a, and is set in
the first check address storing register 27a. A second
check address CHAZ2 is an address value which serves
as a trigger for supplying new graphics commands to
the second data storing means 22b, and is set in the
second check address storing register 27b. The setting
of the first and second check addresses CHA1 and
CHAZ2 is done in advance by the rendering control
means 28. Itis assumed herein that each of the first and
second check addresses CHA1 and CHAZ2 is set to be
a value in the vicinity of the maximum address value for
the address space. A parameter indicating which one of
the first and second check address storing registers 27a
and 27b is to be checked is set in the area setting reg-
ister 27c.

[0059] In afirst step S11, if neither of the first and sec-
ond data storing means 22a and 22b is filled with graph-
ics commands, data is filled in both of the first and sec-
ond data storing means 22a and 22b. Graphics com-
mands are filled in the first and second data storing
means 22a and 22b according to a data filling sequence
FS1, e.g., in an ascending order of address.

[0060] In a second step S12, the rendering control
means 28 performs a graphic operation by reading out
graphics commands filled in the first data storing means
22a according to a data use sequence US1, e.g., in an
ascending order of address. When the same address
as the first check address CHA1 set in the first check
address storing register 27a is accessed, the compari-
son means 27e in the address management means 27
outputs an interrupt signal INT. Since the first check ad-
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dress CHAA1 is set to a relatively large value, the output
of the interrupt signal INT means that the graphics com-
mands of the first data storing means 22a will soon be
exhausted, allowing for the filling of new graphics com-
mands in the first data storing means 22a. At this point,
the value of the area setting register 27c is changed.
[0061] In a third step S13, the rendering control
means 28, which has received the interrupt signal INT,
fills new graphics commands in the first data storing
means 22a according to a data filling sequence FS2, e.
g., in an ascending order of address. In the meantime,
the graphics commands of the second data storing
means 22b are read out and executed according to a
data use sequence US2, e.g., in an ascending order of
address. When the same address as the second check
address CHAZ2 set in the second check address storing
register 27b is accessed, the comparison means 27e in
the address management means 27 outputs an interrupt
signal INT.

[0062] In a fourth step S14, when the graphics com-
mands of the first data storing means 22a are being
used according to a data use sequence US3, the ren-
dering control means 28 fills new graphics commands
in the second data storing means 22b according to a
data filling sequence FS3, e.g., in an ascending order
of address.

[0063] The sequence of alternately repeating the third
step S13 and the fourth step S14 after performing the
first step S11 and the second step S12 is performed until
all graphics commands are completed or until when a
special instruction, such as a rendering termination in-
struction, is issued.

[0064] In the sequence as illustrated in FIG. 6, when
the first or second check address CHA1 or CHAZ2 is ac-
cessed, the address management means 27 outputs
the interrupt signal INT to the graphics priority determi-
nation means 42. The graphics priority determination
means 42 compares the priority of the graphics com-
mand supply operation with the priority of the data trans-
fer operation requesting the use of the data bus 13 next.
If the priority of the graphics command supply operation
is higher, the graphics priority determination means 42
instructs the bus monitoring and controlling means 41
to preferentially perform the graphics command supply
operation.

[0065] FIG. 7 is a diagram illustrating a principle of
operation of the present embodiment focusing on the
operation of the first and second data storing means 22a
and 22b when the graphics command decoding means
25 decodes a graphics command corresponding to a
jump command or a subroutine command which chang-
es the sequence of commands to be executed. In FIG.
7, agraphics command GI1 corresponds to a jump com-
mand or a subroutine command.

[0066] The graphics command decoding means 25
sequentially takes in the graphics commands from the
first and second data storing means 22a and 22b and
decodes the graphics commands. When the graphics
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command GI1 which changes the sequence of com-
mands to be executed is decoded during the decoding
operation, the graphics command decoding means 25
instructs the rendering control means 28 to update the
graphics commands stored in the first and second data
storing means 22a and 22b irrespective of the presence/
absence of the output of the interrupt signal INT from
the address management means 27. The operation of
taking in the graphics commands is performed as de-
scribed above.

[0067] During such a graphics command supply se-
quence, there is always no direct intervention of the
CPU 102 or the memory 103, and the rendering control
means 28 independently supplies graphics commands
according to the status of consumption of graphics com-
mands.

[0068] Note that data may be transferred to the graph-
ics command storing section 22 via the rendering data
transfer means 21 or directly from the data bus 13. Two
check address storing registers are provided in the ex-
ample described above. Alternatively, for example, only
one storing register may be updated.

[0069] As described above, the graphic processor of
the present embodiment provides the management of
the priorities of data transfer operations along the data
bus. Therefore, even in a case of a data bus which is
connected to a system such as a unified memory and
handles a plurality of types of data in a unified manner,
itis possible to effectively use the data bus without wast-
ing a vacant status thereof. Thus, it is possible to effi-
ciently supply graphics commands, thereby improving
the overall efficiency of the graphic processing system.

SECOND EMBODIMENT

[0070] FIG. 8 is a diagram illustrating a configuration
of a graphic processor according to the second embod-
iment of the present invention. In FIG. 8, each compo-
nent that is also shown in FIG. 1 is denoted by the same
reference numeral. The basic operation flow is as that
of the first embodiment. A difference from the first em-
bodiment is that a pre-decoding section 60 and a
processing amount estimating section 61 are added.
[0071] In a graphic processor 100A illustrated in FIG.
8, the pre-decoding section 60 pre-decodes a graphics
command flowing along the data bus 13 during a data
transfer operation of transferring an externally-input
graphics command to the work memory 104. The
processing amount estimating section 61 estimates the
data processing amount at the display data generation
section 20 based on the result of the pre-decoding by
the pre-decoding section 60. Specifically, for example,
the data processing amount is estimated by obtaining,
from the pre-decoding result, statistical data regarding
the distribution of types of graphics commands such as
a line graphics command, a polygon graphics com-
mand, etc.

[0072] In order to obtain the statistical data, weight-
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ings parameters for determining the priorities of the line
graphics command and the polygon graphics command
are set beforehand. In detail, a higher priority is set to a
polygon having more vertexes for the polygon graphics
command, and each priority of a series of straight lines
is determined according to the number of vertexes for
the line graphics command, as illustrated in Fig. 11A.
[0073] The bus control section 40 updates the con-
tents of the priority setting register 42a of the graphics
priority determination means 42 and changes the setting
of the priorities of data transfer operations along the data
bus 13 according to the data processing amount esti-
mated by the processing amount estimating section 61.
For example, when the estimated data processing
amount per a predetermined period of time exceeds a
predetermined amount, the priority of the graphics com-
mand supply operationis increased. Specifically, the pri-
ority of the data transfer operation of supplying a graph-
ics command from the work memory 104 to the display
data generation section 20 is set to be higher than the
priority of the data transfer operation of transferring an
externally-input graphics command to the work memory
104. In such a case, it is preferred that parameters such
as the predetermined time and the predetermined
amount used for the determination can be set externally.
[0074] As described above, according to the present
embodiment, the setting of the priorities of data transfer
operations is changed according to an estimate
processing amount for a graphics command, whereby
it is possible to supply graphics commands without in-
termission.

THIRD EMBODIMENT

[0075] FIG. 9 is a diagram illustrating a configuration
of a graphic processor according to the third embodi-
ment of the present invention. In FIG. 9, each compo-
nent that is also shown in FIG. 1 is denoted by the same
reference numeral. The basic operation flow is as that
of the first embodiment. A difference from the first em-
bodiment is that a memory interface 12A has a memory
monitor 71 for monitoring the amount of data of the
graphics commands stored in the work memory 104.
Moreover, a CPU 102A has an external bus monitor 72
for monitoring the amount of data being transferred
along the external bus 101.

[0076] The amount of data being transferred can be
monitored by confirming whether the data transfer is
completed at every given time by timer interruption, or
by calculating the amount of data to be transferred from
the data transfer length parameter indicating the amount
of data of DMA to be transferred.

[0077] In a graphic processor 100B illustrated in FIG.
9, the memory monitor 71 in the memory interface 12A
monitors the amount of data of unprocessed graphics
commands stored in the work memory 104. The bus
control section 40 updates the contents of the priority
setting register 42a of the graphics priority determina-
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tion means 42 and changes the setting of the priorities
of data transfer operations along the data bus 13 ac-
cording to the data amount monitored by the memory
monitor 71. For example, when the monitored data
amount is smaller than a predetermined amount, the pri-
ority of the host data supply operation is increased. Spe-
cifically, the priority of the data transfer operation of
transferring an externally-input graphics command to
the work memory 104 is set to be higher than the priority
of the data transfer operation of supplying a graphics
command from the work memory 104 to the display data
generation section 20. In such a case, it is preferred that
parameters such as the predetermined amount used for
the determination can be set externally.

[0078] Moreover, the external bus monitor 72 in the
CPU 102A monitors the amount of data being trans-
ferred along the external bus 101. The bus control sec-
tion 40 updates the contents of the priority setting reg-
ister 42a of the graphics priority determination means
42 and changes the setting of the priorities of data trans-
fer operations along the data bus 13 according to the
amount of data being transferred which is monitored by
the external bus monitor 72.

[0079] Note that the memory monitor 71 may alterna-
tively be provided in a place other than in the memory
interface 12A. The external bus monitor 72 may alter-
natively be provided in a place other than in the CPU
102A.

[0080] Note that in each of the above-described em-
bodiments, the function of determining the right to use
the data bus 13 may be assigned to, for example, the
CPU interface 11 or the memory interface 12, instead
of assigning it to the bus monitoring and controlling
means 41.

[0081] Moreover, in each of the above-described em-
bodiments, the CPU supplying graphics commands and
various data is provided external to the graphic proces-
sor. Alternatively, the CPU may be provided in the
graphic processor. Also, the work memory may alterna-
tively be provided in the graphic processor.

Claims
1. A graphic processor, comprising:

a first interface for receiving an externally-input
graphics command;

a second interface for performing a data trans-
fer operation between the graphic processor
and a work memory;

a data bus for transferring data between the
first interface and the second interface;

a display data generation section for receiving
a graphics command from the data bus, gener-
ating display data by decoding the graphics
command, and outputting the generated dis-
play data to the data bus;
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an image display section for receiving the dis-
play data from the data bus and displaying an
image on a display device; and

a bus control section for monitoring a status of
use of the data bus and controlling a right to
use the data bus,

wherein the bus control section sets a priority
for each data transfer operation along the data
bus and controls the right to use the data bus
according to the set priorities.

The graphic processor of claim 1, wherein the bus
control section sets a priority for each of at least the
following data transfer operations: a data transfer
operation of transferring an externally-input graph-
ics command to the work memory; a data transfer
operation of supplying a graphics command from
the work memory to the display data generation
section; and a data transfer operation of supplying
display data from the work memory to the image dis-
play section.

The graphic processor of claim 1, wherein the bus
control section is configured so that a setting of the
priorities of data transfer operations can be
changed dynamically.

The graphic processor of claim 3, further compris-
ing:

a pre-decoding section for pre-decoding a
graphics command transferred during a data
transfer operation of transferring an externally-
input graphics command to the work memory;
and

a processing amount estimating section for es-
timating a data processing amount at the dis-
play data generation section based on a result
of the pre-decoding by the pre-decoding sec-
tion,

wherein the bus control section changes the
priorities of the data transfer operations accord-
ing to the data processing amount estimated by
the processing amount estimating section.

The graphic processor of claim 4, wherein when the
estimated data processing amount per a predeter-
mined period of time exceeds a predetermined
amount, the bus control section sets the priority of
a data transfer operation of supplying a graphics
command from the work memory to the display data
generation section to be higher than the priority of
a data transfer operation of transferring an external-
ly-input graphics command to the work memory.

The graphic processor of claim 3, further compris-
ing a memory monitor for monitoring an amount of
data of graphics commands stored in the work
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memory,

wherein the bus control section changes the
priorities of the data transfer operations according
to the data amount monitored by the memory mon-
itor.

The graphic processor of claim 6, wherein when the
monitored data amount is smaller than a predeter-
mined amount, the bus control section sets the pri-
ority of a data transfer operation of transferring an
externally-input graphics command to the work
memory to be higher than the priority of a data trans-
fer operation of supplying a graphics command
from the work memory to the display data genera-
tion section.

The graphic processor of claim 3, wherein:

the first interface is connected to an external
bus which is provided external to the graphic
processor;

an external bus monitor for monitoring an
amount of data being transferred along the ex-
ternal bus is connected to the external bus; and
the bus control section changes the priorities of
the data transfer operations along the data bus
according to the amount of data being trans-
ferred which is monitored by the external bus
monitor.

9. The graphic processor of claim 1, wherein:

the display data generation section includes a
graphics command storing section for tempo-
rarily storing a graphics command which is in-
put through the data bus, and a decoding sec-
tion for decoding a graphics command which is
output from the graphics command storing sec-
tion;

the graphics command storing section includes
first data storing means and second data stor-
ing means, writes graphics commands into se-
lected one of the first and second data storing
means in a predetermined address order, and
reads out graphics commands from selected
one of the first and second data storing means
in a predetermined address order; and

when a reading address in one of the first and
second data storing means from which graph-
ics commands are being read out matches a
predetermined check address, the graphics
command storing section starts writing new
graphics commands into the one of the first and
second data storing means.

10. A graphic processing system, comprising:

the graphic processor of claim 1;
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an external bus connected to the first interface

of the graphic processor;

a CPU and a memory which are connected to

the external bus;

a work memory connected to the second inter- 5
face of the graphic processor; and

adisplay device connected to the image display
section of the graphic processor.

11. A graphic processor, comprising: 10

a first interface for receiving an externally-input
graphics command;

a second interface for performing a data trans-

fer operation between the graphic processor 15
and a work memory;

a data bus for connecting the first interface with

the second interface;

a display data generation section for receiving

a graphics command from the data bus, gener- 20
ating display data by decoding the graphics
command, and outputting the generated dis-
play data to the data bus; and

an image display section for receiving the dis-
play data from the data bus and displaying an 25
image on a display device, wherein:

the display data generation section in-
cludes a graphics command storing sec-
tion for temporarily storing a graphics com- 30
mand which is input through the data bus,

and a decoding section for decoding a
graphics command which is output from

the graphics command storing section;

the graphics command storing section in- 35
cludes first data storing means and second
data storing means, writes graphics com-
mands into selected one of the first and
second data storing means in a predeter-
mined address order, and reads out graph- 40
ics commands from selected one of the first

and second data storing means in a prede-
termined address order; and

when a reading address in one of the first

and second data storing means from which 45
graphics commands are being read out
matches a predetermined check address,

the graphics command storing section
starts writing new graphics commands into

the one of the first and second data storing 50
means.

55
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FIG. 3

From 50

Priority Priority

From 50 comparison setting
means register

To 41

FIG. 4

Priority Types of datg transfer
operations
1 Display data
supply
' Graphics
2
command supply
3 Texture data
supply
4 Host data supply
5 Rendering data writein
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FIG. 7
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